Abstract: Metal chelates, [M(HL)2(H2O)2]X2 (where M= Mn(II), Co(II), Cu(II), Ni(II) or Zn(II), X= NO3-or Cl-and HL= Schiff base moiety), have been prepared and characterized by elemental analysis, magnetic and spectroscopic measurements (infrared, X-ray powder diffraction and scanning electron microscopy). Elemental analysis of the metal complexes was suggested that the stoichiometry is 1:2 (metal-ligand). Infrared spectra of the complexes agree with the coordination to the central metal atom through the nitrogen of the 2-chlorophenyl hydrazine (-Ph-NH-) group and the sulfur atom of the thiophene ring. The electronic spectra suggest a distorted octahedral geometry for all Schiff base complexes. The Schiff base and its metal chelates have been screened for their in vitro antibacterial activity against four bacteria, gram-positive (Staphylococcus aureus) and gram-negative (Escherichia coli) and two strains of fungus (Aspergillus flavus and Candida albicans). The metal chelates were shown to possess more antibacterial activity than the free Schiff-base chelate.
INTRODUCTION
Schiff base ligands are considered "privileged ligands" because they are easily prepared by the condensation between aldehydes and imines. Stereogenic centers or other elements of chirality (planes, axes) can be introduced in the synthetic design. Schiff base ligands are able to coordinate with many different metals [1] , and to stabilize them in various oxidation states. The Schiff base complexes have been used in catalytic reactions [2] and as models for biological systems [3] . Chiral Schiff bases derived from the condensation of salicylaldehydes with 2-amino alcohols have found widespread use as ligands in asymmetric synthesis. These compounds act as tridentate ONO ligands, and a great number of metallic complexes derived from them have been described in the literature [4] . Depending upon the nature of the metal centre, these chiral complexes are able to promote a variety of enantioselective transformations. It has been reported that the structure of the substituent bonded to the imino nitrogen affects the coordination geometry of the complex [5] . During the past two decades, considerable attention has been paid to the chemistry of the metal complexes of Schiff bases containing nitrogen and other donors [6] . 
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Measurements
The elemental analyses of carbon, hydrogen, nitrogen and sulfur contents were performed using a Perkin Elmer CHNS 2400 (USA). The molar conductivities of freshly prepared 1.0×10 -3 mol/cm 3 dimethylsulfoxide (DMSO) solutions were measured for the dissolved HL Schiff base Mn(II), Ni(II), Co(II), Zn(II) and Cu(II) complexes using Jenway 4010 conductivity meter. The electronic absorption spectra of HL Schiff base complexes were recorded in DMSO solvent within 900-200 nm range using a UV2 Unicam UV/Vis Spectrophotometer fitted with a quartz cell of 1.0 cm path length. The infrared spectra with KBr discs were recorded on a Bruker FT-IR Spectrophotometer (4000-400 cm -1 ), while Chemical shifts are quoted in δ and were related to that of the solvents.
Antibacterial and antifungal evaluation
Antimicrobial activity of the tested samples was determined using a modified Kirby-Bauer disc diffusion method [16] . Briefly, 100 μl of the tested bacteria/fungi were grown in 10 mL of fresh media until they reached a count of approximately108 cells/mL for bacteria or 105 cells/mL for fungi [17] . 100 μl of microbial suspension was spread onto agar plates corresponding to the broth in which they were maintained. Isolated colonies of each organism that might be playing a pathogenic role should be selected from primary agar plates and tested for susceptibility by disc diffusion method [18, 19] . Of the many media available, National Committee for Clinical Laboratory Standards (NCCLS) recommends MuellerHinton agar due to: it results in good batch-to-batch reproducibility. Disc diffusion method for filamentous fungi tested by using approved standard method (M38-A) developed by the NCCLS [20] for evaluating the susceptibility of filamentous fungi to antifungal agents. Disc diffusion method for yeast developed standard method (M44-P) by the NCCLS [21] [16] . Standard discs of Tetracycline (Antibacterial agent), Amphotericin B (Antifungal agent) served as positive controls for antimicrobial activity but filter disc impregnated with 10 μl of solvent (distilled water and DMSO) were used as a negative control. The agar used is Meuller-Hinton agar that is rigorously tested for composition and pH. Further the depth of the agar in the plate is a factor to be considered in the disc diffusion method. This method is well documented and standard zones of inhabitation have been determined for susceptible values. Blank paper disks (Schleicher & Schuell, Spain) with a diameter of 8.0 mm were impregnated 10 μl of tested concentration of the stock solutions. When a filter paper disc impregnated with a tested chemical is placed on agar the chemical will diffuse from the disc into the agar. This diffusion will place the chemical in the agar only around the disc. The solubility of the chemical and its molecular size will determine the size of the area of chemical infiltration around the disc. If an organism is placed on the agar it will not grow in the area around the disc if it is susceptible to the chemical. This area of no growth around the disc is known as a "Zone of inhibition" or "Clear zone". For the disc diffusion, the zone diameters were measured with slipping calipers of the National for Clinical Laboratory Standers [18] . Agar-based methods such as disk diffusion test can be good alternatives because they are simpler and faster than broth methods [22, 23] .
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RESULTS AND DISCUSSIONS 3.1 Physical measurements data
Mn(II), Ni(II), Co(II), Cu(II) and Zn(II) Schiff base HL complexes were synthesized in powder form with high melting points ( Table 1) . They are not soluble in ethanol, diethyl ester, or chloroform, but are partially soluble in DMSO and DMF. The molar conductance of the Mn(II), Ni(II), Co(II), Cu(II) and Zn(II) Schiff base complexes in DMSO are 138, 105, 98, 121 and 127μs indicating there are electrolytic nature, these meaning that anions occurred out of the coordination sphere. 
Infrared and Raman spectra
Main characteristic infrared absorption bands of HL and its Mn(II), Ni(II), Co(II), Cu(II) and Zn(II) complexes, along with their assignments, are presented in Table 2 .
N-H, C=N and C=C vibration motions
The infrared spectrum of the HL ligand (Fig. 2) exhibits a band at 1595 cm −1 assignable to ν(C=N) of the azomethine group and an intense bands at (1492, 1452 and 1407) cm −1 corresponding to the C=C stretching of the benzene and thiophene rings. The comparison of the positions of these bands with those observed in the infrared spectra of its Mn(II), Ni(II), Co(II), Cu(II) and Zn(II) complexes indicated that the band at 1595 cm −1 did not show a marked shift, this discussed that azomethine group unshared in the complexation toward Mn(II), Ni(II), Co(II), Cu(II) and Zn(II) ions, while that bands at 3328 and 3306 cm −1 which assigned to stretching vibration motions -NH of phenyl hydrazine moiety is a mild decreasing in an intensity or absence. This fact suggests the coordination of HL through the nitrogen Ph-NH of phenylhydrazine. Proof of coordination to the N atom is provided by the occurrence of the new absorption bands at ~ 440 cm −1 in the IR spectra of all HL complexes.
C-S-C and C-S vibration motions
The observed medium intensity band at 912 cm −1 in the free HL ligand, which is ascribed to δ(CSC) of thiophene ring vibration [15] , shifted to lower values for the five HL complexes, suggesting the involvement of the sulfur atom in the bonding with the metal's ions. The band assigned to the stretching of ν(C−S) is similarly shifted to lower frequencies. This also confirms that the sulfur atom is taking part in the complex formation [15] . On the other hand, the Raman laser spectra of HL, [M(HL) 2 (Fig. 3) has a sharp broadening with distorted in the stretching vibration bands, this can be discussed under the knowledge that Raman analysis of fluorescent materials and compounds is a challenging task experimentally due to the overlap of fluorescence which, even when very weak, can overwhelm the inherently weak Raman scattering signal [24, 25] . It is tentatively suggested that the Schiff base HL ligand coordinates through the nitrogen of the phenyl hydrazine moiety and the sulfur of the thiophene ring, forming a stable chelating structure. According to the above discussion, distorted octahedral structures for [M(HL) 2 Canadian 
Electronic spectra
Upon the electronic spectrum of the HL Schiff base ligand, the two essential absorption bands were observed at 310 nm, (360 and 550) nm and assigned to the transitions n → π*, π → π*, respectively (Fig. 5) . These transitions were existed also in the spectra of the complexes, but they shifted to different lower intensities, confirming the coordination of the ligand to the metal ions. In UV-Vis. spectra, the weak band should be at 400-500 nm are due to charge-transfer (ct) band in the complexes, which is absence in the HL. However, the weak broad band at 500-700 nm is due to different d-d transitions of the metal ions as mentioned. Information concerning the geometry of these compounds was obtained from the electronic spectra and from magnetic moment values. The electronic spectrum of the Mn(II) complex shows four medium intensity bands assigned to 6 A 1g → 4 T 1g (G), 6 A 1g → 4 T 2g (G), and 6 A 1g → 4 E g (G), 4 A 1g (G), respectively, for a Mn(II) ion in an distorted octahedral field [26] . The electronic spectrum of 
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Magnetic measurements
The magnetic susceptibility measurements thus help to predict the possible geometry of the metal complexes. In paramagnetic Mn(II), Ni(II), Co(II) and Cu(II) complexes, often the magnetic moment (µ eff ) gives the spin only value (µ s.o. = (n(n+2)) ½ B.M.) corresponding to the number of unpaired electron.
The variation from the spin only value is attributed to the orbital contribution and it varies with the nature of coordination and consequent delocalization. 
H NMR Spectra
The 1 H-NMR spectra of the HL Schiff base ligand and zinc(II) complex shows multiplet signals at 6.522-7.731 ppm, corresponding to the aromatic ring protons of the phenyl and thiophene moieties [27] . The singlet at 9.894 ppm was attributed to the proton of the azomethine group [28] . The signal of the -NH proton in the phenylhydrazine moiety was observed at 8.479 ppm. In comparison between the 1 H-NMR data of HL and its [Zn(HL) 2 (H 2 O) 2 ](NO 3 ) 2 , complex the mode of coordination in between the ligand and metal ions was clarified. Through the discussion of 1 H-NMRspectrum of Zn(II) complex, we find that the signal specialized to -NH proton of phenylhydrazine moiety shifted to lower ppm with noticeable decreasing in the intensity. The appearance of new strong intense peak at 3.321 ppm can be assigned to the H-proton of H 2 O, which attached to the Zn(II) metal to complete the six coordination sphere.
SEM and XDR Spectra
The It should be noted that the particle diameter is always overestimated due to the distortion of SEM images [29] . Figure 7 demonstrates the XRD patterns of the synthesized MnO, CoO, CuO, NiO and ZnO nanoparticles. The Xray diffraction data were recorded by using Cu Kα radiation (1.5406 Angstrom). The intensity data were collected over a 2θ range of 4-60°. The average grain size of the samples was estimated with the help of the Scherrer equation, using the diffraction intensity peak. X-ray diffraction studies confirmed that the synthesized materials were MnO, CoO, CuO, NiO and ZnO, that all the diffraction peaks agreed with the reported standard data; no characteristic peaks were observed other than oxide, MO. The mean grain size (D) of the particles was determined from the XRD line broadening measurement using the Scherrer Equation (1):
Canadian Chemical Transactions Where λ is the wavelength (Cu Kα), β is the full width at the half-maximum (FWHM) of the MnO, CoO, CuO, NiO and ZnO line and θ is the diffraction angle. A definite line broadening of the diffraction peaks is an indication that the synthesized materials are in the nanometer range. The lattice parameters calculated were also in agreement with the reported values. The reaction temperature greatly influences the particle morphology of as-prepared MnO, CoO, CuO, NiO and ZnO powders. The results of nanoparticle size measurement of samples by XRD and SEM indicate that the size of the MnO, CoO, CuO, NiO and ZnO nanoparticles was about 150-300 nm.
Biological studies
The antibacterial activity of the Schiff base and its Mn(II), Co(II), Ni(II), Zn(II) and Cu(II) complexes against gram-positive (Staphylococcus aureus) and gram-negative (Escherichia coli) and two strains of fungus (Aspergillus flavus and Candida albicans) were studied. The antibacterial and antifungal results are shown in Table 3 and Fig. 8 . All the Schiff base complexes individually exhibited varying degrees of inhibitory effect on the growth of the tested bacterial species. Table 3 shows that the activity of the Schiff base complexes became more pronounced when coordinated with the metal ions. The biological activity of the complexes follow the order: Antibacterial effect: Co(II)>Zn(II) >Cu(II) >Ni(II)>Mn(II) and Antifungal effect: Cu(II)>Co(II)>Zn=Mn=Ni.
CONCLUSIONS
In this paper we reported the synthesis, isolation of solid products, and spectroscopic characterization of a new bidentate Schiff base derived from 2-thiophenecarboxaldehyde, 2-chlorophenyl hydrazine, its complexes with Mn(II), Co(II), Cu(II), Ni(II) and Zn(II). It is tentatively proposed that the Schiff base ligand coordinates through the nitrogen of the 2-chlorophenyl hydrazine moiety and the sulfur of the thiophene ring, forming a stable chelate ring structures. Based on the above interpretations, distorted octahedral structures for all complexes are proposed with general formula [M(HL) 2 
